Interaction between the urea cycle and the orotate pathway: studies with isolated hepatocytes.
Two enzymes catalyze the synthesis of carbamylphosphate (CP) in the liver. One is intramitochondrial and utilizes ammonia to make CP for ureagenesis; the second is cytoplasmic and utilizes glutamine to produce CP for pyrimidine biosynthesis. The extent to which the metabolic independence of the two pathways is abridged by the use of a common precursor was examined with measurements of the incorporation of [14C]NaHCO3 into orotic acid, uridine nucleotides, and urea in isolated hepatocytes. Pyrimidine synthesis was markedly stimulated by physiological concentrations of ammonia, and the stimulation was antagonized by ornithine. At intracellular concentrations of ornithine and levels of ammonia found in the portal circulation, some 90% of pyrimidine synthesis was ammonia-dependent. When the glutamine-dependent activity was released from feedback inhibition with galactosamine, the ammonia-dependent incorporation still accounted for 2/3 of pyrimidine synthesis. These results do not support the widely held view that the cytoplasmic enzyme is the sole source of CP for pyrimidine biosynthesis in the liver. They suggest instead that the bulk of the CP incorporated into hepatic pyrimidines is of mitochondrial origin. However, an experiment with intact animals failed to provide decisive evidence on this interpretation. Pyrimidine biosynthesis was sharply inhibited by the addition of uridine, but ureagenesis was unaffected. When physiological levels of ammonia were provided, the sensitivity of pyrimidine biosynthesis to uridine was lost. Although inhibition of the ammonia-dependent enzyme by pyrimidines has been observed with cell-free preparations, it was not evident in the intact cell. Thus, to the extent that the CP consumed in pyrimidine biosynthesis is of mitochondrial origin, feedback control of the orotate pathway appears to be thwarted.